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摘  要 
结直肠癌（Colorectal cancer, CRC）是世界范围内的高发性恶性疾病，其发病率和
死亡率呈逐年上升趋势，因而引起广大科研工作者对其发生发展的作用机制进行深入研
究。文献报导称，在绝大多数结直肠癌的发生发展过程中都伴随着经典 Wnt 信号通路
的异常激活。该通路激活后，其中最重要的效应分子之一 β-Catenin 入核与 TCF/LEF 家
族成员结合，激活下游促癌基因转录表达，从而促进结直肠癌的发生发展。 
组蛋白赖氨酸特异性去甲基化酶 4D（Lysine-specific demethylase 4D, KDM4D），也
叫 JMJD2D，是一种特异性的组蛋白去甲基化酶，主要可以使 H3K9me2 和 H3K9me3
发生去甲基化作用。当前关于 JMJD2D 的研究报导甚少，它在癌症当中的作用还完全
不清楚。本课题组前期工作中发现 JMJD2D 在人结直肠癌临床样本中普遍相对过表达，
且灰度定量分析结果显示 JMJD2D 与细胞核增殖抗原 PCNA 极可能存在正相关关系。
我们以经典 Wnt 信号通路为切入点，进一步研究发现 JMJD2D 可以正向调控 β-Catenin
及其下游基因 c-myc 的表达。为深入探讨 JMJD2D 与 Wnt/β-Catenin 信号通路的关系，
我们在人肾上皮细胞和不同结直肠癌细胞中均进行了荧光素酶活性测定(Reporter assay)
和免疫共沉淀 (Co-IP) 实验，证实了 JMJD2D 可协同 β-Catenin 特异性激活该信号通路
报告基因 Topflash 的表达并且此两者可发生直接的相互作用。同时，为日后建立
AOM/DSS 小鼠模型研究 JMJD2D 在小鼠结直肠癌发生发展中的作用，我们利用转录样
激活因子核酸酶（Transcription Activator-Like Effector Nucleases，TALENs）技术制备了
一株 Jmjd2d 基因缺陷小鼠，本文主要讨论了该基因缺陷小鼠的鉴定过程。 
综上，我们初步探究了 JMJD2D 与结直肠癌发生发展的关系，它可能通过
Wnt/β-Catenin 信号通路来实现其在结直肠癌细胞中的原癌基因功能，这为今后更深入
的研究奠定了基础。 
 
关键词：结直肠癌；组蛋白赖氨酸特异性去甲基化酶 4D；Wnt 信号通路；转录样激活
因子核酸酶 
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Abstract 
Colorectal cancer (CRC) is one of the most common malignancies with high prevalence 
worldwide. With increasing trend of incidence and mortality, more researchers have been 
engaging in studying the mechanisms of CRC development. Molecular studies have 
pinpointed activating mutations of Wnt signaling pathway as the cause of approximately 90% 
of CRC. After the activation of this pathway, β-Catenin, one of the most important effectors, 
will translocate into nucleus to bind TCF/LEF molecules, activating the downstream 
oncogene and contributing to the development of CRC. 
JMJD2D, also known as KDM4D, is a specific demethylase which can demethylate 
H3K9me2 and H3K9me3. At present, there are a few studies of JMJD2D and its functions in 
the cancer are still unclear. Our previous work showed that the expression of JMJD2D was 
relatively overexpressed in 30 out of 46 human CRC specimens (65.22%). Further 
quantitative analysis demonstrated that there probably existed a positive correlation between 
JMJD2D and PCNA (Proliferating Cell Nuclear Antigen) protein levels. Starting with Wnt 
signaling pathway, we found that β-Catenin and c-myc could be mediated by JMJD2D. To 
further investigate the role of JMJD2D in this pathway, we performed the reporter assay and 
Co-IP experiments, revaling that JMJD2D could cooperate with β-Catenin to activate the 
Topflash and these two molecules could interact with each other both in 293T cells and in 
colorectal cancer cells. Meanwhile, the Jmjd2d deficient mice were constructed with 
TALENs to determine the function of JMJD2D in AOM/DSS mouse model, and this paper 
has introduced the progression of identifying these Jmjd2d mice. 
Taken together, we have explored the correlation between JMJD2D and CRC. It’s 
thought that JMJD2D maybe exerts its oncogene effects via Wnt/β-Catenin signaling pathway, 
which could establish the foundation for further reaserch. 
 
Key words: Colorectal cancer; JMJD2D; Wnt signaling pathway; TALENs
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第一章  前言 
1.1  结直肠癌概述 
结直肠癌是世界范围内高发性的恶性肿瘤。世界卫生组织国际癌症研究署
（International Agency for Research on Cancer，IARC）在最新的《World Cancer Report 
2014》中统计指出，2012 年世界范围内结直肠癌的发生率及死亡率在所有恶性疾病中
均位居前列[1]（图 1.1）。结直肠癌高发于发达国家和地区，随着社会经济的发展，居民
生活习惯、饮食结构的改变以及人口老龄化的进程加快，我国结直肠癌发病率和死亡率
呈逐步上升趋势，成为危害我国居民健康的主要恶性肿瘤之一，严重影响了我国社会经
济的健康发展[2]。因此，对结直肠癌的防治是我国乃至全球医学领域亟待解决的重大课
题之一，深入研究结直肠癌发生发展的分子机制，将有助于寻找更为安全有效的结直肠
癌治疗方法和新的药物靶点。 
结直肠癌的发生和发展是多基因、多事件积累的结果[3-5]。多年研究表明，90%结
直肠癌的发生和发展与 Wnt 信号通路的异常激活有关[6, 7]。在结直肠癌细胞中，该通路
的主要基因缺陷为 β-Catenin 降解复合体异常(APC、β-Catenin、Axin 的突变或缺失)、
E-cadherin 基因突变等[6]，其结果是 Wnt 通路保持持续激活状态，肠粘膜上皮过度增
生，从而导致正常的肠粘膜向癌转化。 
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图 1.1  2012 年世界范围内男女恶性肿瘤的发病率及死亡率，引自[1] 
Fig.1.1 Estimated age-standardized (world) cancer incidence and mortality rates (ASR) 
per 100 000, by major sites, in men and women, 2012, from [1] 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
